room temperature for 2 hr. H2O was added, and the organic layer was extracted with 48 dichloromethane. The extract was dried over MgSO4, filtered, and concentrated in vacuo. The residue 49 was purified by column chromatography to give S2 (1.6 g, 2.76 mmol) in 81% yield. 50 51 5-Benzyl 1-(tert-butyl) ((R)-4-amino-5-(tert-butoxy)-5-oxopentanoyl)-L-glutamate (S3)
52
To a solution of S2 (0.9 g, 1.55 mmol) in CH3CN-H2O (50:1), BiCl3 was added portionwise (974.4 53 mg, 3.1 mmol) to selectively deprotect the Boc group. NaHCO3 was added, and the reaction mixture 54 was filtered through a Celite pad to give S3 (0.83 g, 1.73 mmol) in 63% yield. 55 56 16, 21, 11S, 16R, 9, 14, 10, 15, 11, 16, 21, 58 To a solution of amine 14 (732 mg, 1.53 mmol) in dichloromethane, EDCI (585 mg, 3.06 mmol), 59 DMAP (93 mg, 0.765 mmol) and S3 (749 mg, 1.53 mmol) were added, and the mixture was stirred at 60 room temperature for 2 hr. H2O was added to the reaction mixture, and the organic layer was 61 extracted with dichloromethane. The extracts were dried over MgSO4, filtered, and concentrated in 62 vacuo. The residue was purified by column chromatography to give S4 (1.18 g, 1.24 mmol) in 81% 63 yield.
64
Molecules 2020, 25, x FOR PEER REVIEW 3 of 29 65 2. 1, (cnidarin 4B, 2) 66 To a solution of S4 (1.18 g, 1.24 mmol) in CH3CN-H2O (50:1), BiCl3 was added portionwise (782 67 mg, 2.48 mmol) to selectively deprotect the Boc group. NaHCO3 was added and the reaction mixture 68 was filtered through a Celite pad, and filtrates were concentrated in vacuo. The reaction product was 69 further purified by column chromatography to gave the corresponding linear LLDL-tetraglutamate 70 (390 mg, 0.459 mmol) 172.9, 172.5, 172.3, 172.2, 171.1, 136.6, 128.5, 128.2, 82.2, 82.0, 66.4, 52.4, 52.1, 32.4, 30.4, 28.2, 27.9, 27 175.7, 175.6, 175.4, 53.6, 53.1, 52.7, 52.1, 32.7, 32.3, 31.8, 31.2, 26.7, 26.5, 26.2 
98
To a solution of 5 (1.808 g, 5.36 mmol) and N-hydroxysucinimide (0.864 g, 7.50 mmol) in 99 dichloromethane (26.8 mL) at room temperature EDCI (1.28 g, 6.70 mmol) was added. The reaction 100 was monitored by TLC and after 18 hr was diluted with dichloromethane (100 mL) and washed 3 × 101 with saturated KH2PO4. The combined aqueous layers were back extracted with dichloromethane, 102 and the combined organic layers were washed with saturated NaCl, dried over MgSO4 and 103 concentrated, providing the crude NHS ester (2.52 g, quant) as a white powder, deemed suitable for 104 use in the subsequent reaction. To a solution of the crude NHS ester (1.566 g, 3.61 mmol) and 105 triethylamine (0.704 mL, 0.511g, 5.05 mmol) in dichloromethane (36 mL) at room temperature, 1-106 benzyl L-glutamic acid (0.984 g, 4.15 mmol) was added. The reaction was monitored by TLC and after 107 22 hr was diluted with dichloromethane (114 mL) and washed 4 × with saturated KH2PO4. The 108 combined aqueous layers were back extracted with dichloromethane and the combined organic 109 layers were washed with saturated NaCl, dried over MgSO4 and concentrated. The crude product 110 was purified by flash chromatography on silica gel, (2% to 4% methanol in dichloromethane with 111 0.5% acetic acid acid) to provide S5 (1.91 g, 95% (two step yield)) as a white powder: mp 89 -91 °C; 7.26 (m, 10H), 5.13 (s, 2H), 5.15 (s, 2H), 4.44 (dd, J = 6.0,9.0, 1H), 4.15 (dd, J = 3.0,9.0, 1H), 2.38-2.27 (m, 114 4H), 2.19-2.02 (m, 2H), 1.98-1.81 (m, 2H), 1.41 (s, 9H); 13 C NMR (300 MHz, CD3OD) δ 174. 8, 173.7, 115 172.4, 171.7, 156.9, 136.0, 136.0, 128.4, 128.3, 128.1, 128.1, 128.0, 79.6, 66.9, 66.8, 53.7, 52.2, 31.9, 30.0, 27.7, 116 27.4, 26.5; IR 3362 (br) 119 120 (6R, 11S, 11, 9, 10, 
To a solution of S5 (2.641 g, 4.75 mmol) and N-hydroxysucinimide (0.765 g, 6.64 mmol) in 123 dichloromethane (24 mL) at room temperature, EDCI (1.14 g, 5.93 mmol) was added. The reaction 124 was monitored by TLC and after 18 hr was diluted with dichloromethane (76 mL) and washed 4 × 8, 173.7, 173.6, 172.4, 171.7, 171.6, 156.8, 136.0, 139 136.0, 128.35, 128.3, 128.3, 128.1, 128.0, 128.0, 128.0, 79.6, 66.9, 66.8, 53.7, 52.5, 52.3, 31.9, 31.8, 30.0, 27.7, 140 27.4, 27.2, 26.5; IR 3321 (br) 143 144 (6S, 11R, 16S, 11, 16, 9, 14, 10, 15, 
152
To a solution of the crude (1.537 g, 1.76 mmol) and triethylamine (0.343 mL, 0.249 g, 2.46 mmol) in 153 dichloromethane (17.6 mL) at room temperature, 1-benzyl D-glutamate (0.480 g, 2.02 mmol) was 154 added. The reaction was monitored by TLC and after 22 hr was diluted with dichloromethane (183 155 mL) and washed 4 × with saturated KH2PO4. The combined aqueous layers were back extracted with dichloromethane and the combined organic layers were washed with saturated NaCl, dried over 157 MgSO4 and concentrated. The crude product was further purified by flash chromatography on silica 158 gel (eluting with 4% methanol in dichloromethane and 0.5% acetic acid) to provide S7 (1.60 g, 91%
159
(two step yield)) as a white foam: Rf = 0.35 (5% methanol in dichloromethane with 0.5% acetic acid); 8, 173.7, 173.6, 172.4, 171.8, 171.7, 171.6, 156.8, 136.0, 135.9, 128.4, 128.4, 128.1, 128.0, 163 128.0, 128.0, 79.7, 66.9, 66.8, 53.8, 52.5, 52.4, 52.3, 31.9, 31.8, 31.8, 30.0, 27.7, 27.4, 27.3, 27.1, 26.5 
168
Tetrabenzyl (2S,7R,12S,17R) -5,10,15,20-tetraoxo-1,6,11,16-tetraazacycloicosane-2,7,12,17-tetracarboxylate 2.00-1.81 (m, 3H); 13 C NMR (300 MHz, CD3OD) δ 174. 8, 173.6, 173.5, 172.9, 171.7, 171.6, 186.8, 135.9, 181 135.9, 135.1, 128.6, 128.5, 128.4, 128.4, 128.3, 128.2, 128.1, 128.01, 128.0, 68.2, 67.0, 66.9, 66.9, 52.5, 52.3 1, 4) 201 Above a solution of S8 (0.0101 g, 0.0115 mmol) and 10% Pd/C (~2 mg) in ethanol (5.0 mL) at room 202 temperature, hydrogen gas was maintained at ambient pressure for 21 hr. The reaction was then 203 filtered through celite followed by methanol washing (3 × 1 mL), methanol/water 1:1 (3 × 1 mL) then 204 water (3 × 1 mL). The crude product was purified by HPLC using a Waters Atlantis dC18 (10 × 250 205 mm, 10 μm particle size) column (mobile phase A: water/formic acid (1000:1); mobile phase B: 
